solated ostial stenosis (IOS) of the left coronary artery (LCA), in the absence of distal vessel obstruction, is a rare form of coronary artery disease. It is neither associated with Takayasu arteritis, syphilitic aortitis, congenital anomaly, aortic valve disease nor iatrogenic cause such as mediastinal irradiation or cardiac surgery. Atherosclerosis, particularly early atheroma, has been considered its most likely cause, but its etiology is quite unknown. In such cases the occurrence has usually been in premenopausal women, 1 and the clinical profile might differ from that of the more common atherosclerotic stenosis of the left main trunk (LMT). 2 The clinical features of patients with IOS have gradually come to light, but the long-term prognosis and serial angiographic follow-up in patients with IOS who undergo coronary artery bypass grafting (CABG) have not been fully studied.
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Methods

Study Population
We investigated 57 patients with stenosis of the LMT who underwent CABG. They underwent coronary angiography and subsequently treatment for myocardial ischemia before 1994. All patients underwent CABG at Juntendo University and were followed at Juntendo University Urayasu Hospital. They were categorized into 3 groups based on the angiographic findings: Group I comprised 9 patients with IOS ( Figure 1A) ; Group II comprised 12 patients with LCA ostial stenosis in the presence of distal vessel obstruction ( Figure 1B) ; Group III comprised 36 patients with stenosis of the LMT excluding ostial stenosis, and associated with distal vessel obstruction ( Figure 1C) . We studied the coronary risk factors and prognosis in all patients. Hypercholesterolemia was defined as a requirement for antihyperlipidemic drugs or a total cholesterol (TC) level >220 mg/dl. Diabetes mellitus (DM) was defined as a requirement for therapy and/or with a fasting blood sugar >140 mg/dl, and/or a blood sugar >200 mg/dl on occasion. Baseline clinical and procedural data were collected for all patients.
Coronary Angiography
The patients underwent serial angiography at 1, 5, and 10 years after CABG, regardless of their symptoms, under informed consent. The films were of good quality and the repeat studies were always compared with the baseline coronary arteriogram. The films were read on 2 adjacent projectors by 2 angiographers working together to reach a consensus. The stenosis of the coronary arteries and grafts were defined as the linear percentage of narrowing of the diameter of the vessel compared with the diameter of the nearest normal segment. The severity of the stenosis was evaluated according to the American Heart Association Committee Report. In this study, graft patency was considered to be widely patent or the presence of stenosis <99% narrowing. In the follow-up angiography we studied the progression of native coronary artery disease of nongrafted arteries and distal grafted arteries to the anastomosis of the graft. The progression of the disease in a coronary artery was defined as an increase of at least 1 grade of preexisting stenosis or the appearance of a new ≥50% stenosis that exhibited no disease on the baseline angiogram.
Statistical Analysis
Values are expressed as mean ± standard deviation. Differences in the baseline characteristics of the groups were evaluated by Fisher's exact test. Analysis of variance was used for continuous variables. Chi-square analysis was used to compare categorical variables. Rate of graft patency and progression of the native coronary artery disease were studied using Kaplan-Meier methods. Statistical comparisons were made using the log-rank test. Probability values <0.05 were considered statistically significant.
Results
Clinical Characteristics
The clinical characteristics of the patients are shown in Table 1 . The average follow-up period was 15.5 years (Group I: 17.0 years; Group II: 11.4 years; Group III: 16.5 years). The average age in each group was 46.6, 62.1, and 60.1 years, respectively, and the female/male ratio was 8.0, 0.2, and 0.1, respectively. Females predominated in Group I, which was younger than the other groups (P<0.01). Unstable angina was present in 67% of Group I, but none of the patients in Group I experienced myocardial infarction. Left ventricular function was well preserved in Group I. Groups II and III showed a tendency to have hypercholesterolemia and DM in comparison with Group I, but did not differ in the prevalence of other coronary risk factors such as hypertension, obesity, and smoking. In Group I, the number of coronary risk factors was fewer than that in the other groups (P<0.01). The mean number of grafts was 1.3, 2.5, and 2.3 in Group I, II, and III, respectively. Of the total, 52 patients had an internal thoracic artery (ITA) to the left anterior descending coronary artery (LAD) and the remaining 5 patients (Group I: 1; Group III: 4) had saphenous vein grafts (SVG) to the LAD. In Group I, SVG were used for the LAD and circumflex arteries; the radial or gastroepiploic artery was not used. We measured TC concentration and body mass index (BMI) prior to CABG and during the postoperative follow-up. The serum concentration of TC in Group II and Group III decreased from 235.3±47.9 to 206.6±32.6 (P<0.01) and from 241.2±38.6 to 191.3±32.4 (P<0.01), respectively, but BMI did not change significantly in the interval. After CABG, almost all patients received aspirin. In Group I, lipid-lowering therapy was administrated less than in Group II or III (P<0.05). No patients received angiotensin-converting-enzyme inhibitor or angiotensin-II receptor blocker, and there was no significant difference in the use of other medications. All patients had good control of hypertension.
Clinical Outcomes
Among 8 patients who died during follow-up, the cause of death was cardiac-related in 5, and noncardiac in 3 patients. No patient in Group I died during the follow-up. Patients in Group I showed a tendency to have a lower risk of experiencing cardiac events such as cardiac death, congestive heart failure, and myocardial infarction than did those in Group II or III ( Table 2) .
Angiographic Follow-up Results
Kaplan-Meier analysis showed that the 10-year patency rate of the ITA grafts was 92.3% and 96.9% in Groups II and III, respectively, compared with 62.5% in Group I, demonstrating a higher cumulative patency of the ITA grafts in Group II and Group III over 15 years (P<0.05) (Figure 2) . The patency rate of the ITA was high, and there was no significant difference in the patency between Group II and Group III. However, diffuse narrowing without significant stenosis of the anastomosis, which is the so-called string sign, developed in the ITA grafts of Group I. Kaplan-Meier analysis showed that the 10-year patency rate of the SVG was 75.0%, 81.2%, and 31.4% in Group I, II, and III, respectively. In Group III there was a trend towards decreased patency of the SVG compared with Group I and Group II, but this did not reach statistical significance (Figure 3) . Kaplan-Meier analysis showed that the 10-year progression of native coronary artery disease of nongrafted arteries and distal grafted arteries to the anastomosis of the graft was 0% in Group I compared with 38.2% and 43.3% in Group II and Group III, respectively, demonstrating a higher cumulative progression of native coronary artery disease in Groups II and III over 15 years (P<0.05) (Figure 4) . There was no significant difference in Group II and Group III. Although the 1-year patency rate of the SVG was decreased in all groups, progression of native coronary artery disease of nongrafted arteries and distal grafted arteries to the anastomosis of the graft was not recognized. There were no differences in the percentage stenosis of LMT lesions in all groups before CABG. The percentage stenosis of LMT lesions decreased significantly in Group I during follow-up (P<0.05), but there were not significant differences in the values in Group II and Group III (Figure 5) . The relationship in Group I between the change in percent stenosis of the LMT and withering of the ITA graft is summarized in Table 3 . Angiographic follow-up after CABG demonstrated that the percentage stenosis of LMT lesions in Group I was significantly less than that in Group II and Group III. These findings demonstrate that the string sign seen in the ITA of Group I is related to the regression of LMT stenosis.
Discussion
We defined IOS as stenosis narrowing >50% without evidence of obstructive distal vessel disease, which does not have a clearly defined etiology such as Takayasu arteritis, syphilitic aortitis, congenital anomaly, aortic valve disease or iatrogenic cause. IOS occurred predominantly in women, usually premenopausal, who presented with a low incidence of coronary risk factors. Most patients in Group II and Group III were older males with a high incidence of positive coronary risk factors. On follow-up angiography there was a higher prevalence of progression in native coronary arteries. This clinical profile suggests a natural history of IOS distinct from that usually seen in atherosclerotic coronary disease. Observational studies of medically and surgically treated patients with left main coronary artery disease (LMCAD) support the widely accepted belief that, in general, CABG decreases symptoms and significantly prolongs survival. Although various studies have focused on the long-term outcome of LMCAD following surgery, few have investigated angiographic long-term follow-up of IOS, which was the purpose of this study.
Pathohistological examination of ostial lesion of the LMT shows intimal proliferation with histiocytes containing lipids, such as foam cells, which is called coronary atheroma. 1, 3 Although ostial lesions were not examined pathologically in the present study, punch biopsies of the ascending aortic wall were performed during operation in a few cases of IOS and the results were nonspecific and not helpful for identifying the pathological etiologic factors. However, our findings do not agree with other published results showing that IOS is often atheromatous, because in the present patients with IOS progression of atherosclerosis was not recognized and they had fewer coronary risk factors. In a study of IOS in Oriental patients, the clinical and pathohistological findings were similar to those reported in Western patients, but the incidence of IOS was higher in the Oriental group. 4 Those findings, including ours, suggest that the etiology of IOS in Oriental patients is not only related to atheroma, but also unknown to factors different from those in atheroma, and may be vasospasm and aortitis, for example. Morphological study of the ostium of the LMT shows that it is particularly well-defined and forms a funnel-shaped structure character- LMT, left main trunk; ITA, internal thoracic artery; ND, no data. Other abbreviatin see in Table 1 .
Circulation Journal Vol.73, July 2009
ized by a longitudinal smooth muscle arrangement, which spreads out into a inner layer, and a circular smooth muscle arrangement, which surrounds the outer layer. 5 Thus the ostium of the LMT has a specific structure that differs from that of other coronary arteries. Based on this, we suggest that vasospasm occurs less often in the LMT; 6,7 however, we experienced a case of vasospasm in LMT induced by hyperthyroidism. 8 Takayasu arteritis, which is most prevalent in young Oriental women, can involve the coronary artery, resulting in angina or myocardial infarction. 9 It is a systemic disease with generalized symptoms, including malaise, fever, anorexia, and weight loss. The frequent absence of antecedent systemic symptoms has been stressed. In the present study patients, the results of laboratory findings, such as sedimentation rate and C-reactive protein, and serological tests for syphilitic aortitis or autoantibody were within normal range at baseline, which led to an exclusion of Takayasu arteritis, syphilitic aortitis and collagen disease. In Takayasu arteritis, however, laboratory abnormalities such as elevation of the sedimentation rate, C-reactive protein, and immune globulin return toward normal when the systemic phase is resolved. Regression of LMT stenosis was recognized in some of the present cases of IOS, although there was no clear clinical difference between those cases in which IOS decreased and those in which it did not, which suggests that we could not exclude the resolved phase of Takayasu arteritis. Fibromuscular dysplasia also occurs predominantly in young or middle-aged women, but is rarely found in the coronary arteries, 10 especially at the coronary ostium. It usually involves the renal and carotid arteries, but renovascular hypertension and the stenosis of carotid arteries were not recognized in the present patients with IOS. The fact that IOS occurs predominantly in premenopausal women may indicate that humoral factors accelerate the intimal thickening. A congenital anomaly of the coronary ostium, complicated by progressive intimal thickening, stimulated by humoral factors, may be an explanation for this disease.
Evaluating the percentage stenosis of the LMT by angiographic imaging is difficult, because of the unique geometry of the LMT or the genetic limitations of silhouette angiography or both. The catheter tip is frequently positioned beyond the ostial narrowing, resulting in misdiagnosis. Angiographic assessment of coronary lesions at the ostium of the LMT is particularly difficult, and the evaluation is challenging. 11 In clinical practice, patients with the ostium of the LMT on the coronary angiogram are very rarely encountered. To overcome this problem, our catheterization studies began with a non-selective injection into the aortic sinus and angiographic images were obtained using more than 2 views, which minimized foreshortening, including an adequate orthogonal view of the LMT.
LMCAD is associated with a poor prognosis when treated medically, and its presence is an indication for CABG, which significantly improves long-term outcome. It is conceivable that CABG treatment performed too early for a non-significant lesion could lead to inappropriate use of available grafts and premature occlusion of either the native vessel or the graft, leaving the future risk of acute occlusion unaffected. A coronary artery with moderate stenosis presents less resistance than an ITA graft, so that distal perfusion preferentially favors the competitive, residual native flow, causing the ITA graft to wither or "string". However, in 1 report, the ITA was not patent angiographically 1 year after grafting, but 3 years later after progression of native vessel disease, the ITA was widely patent, supporting distal perfusion. 12 That finding shows that an ITA that appears to be atretic may be able to dilate and function normally if the competitive flow decreases and demand increases, which suggests reversible change in ITA graft patency.
Drug-eluting stents (DES) reduce neointimal hyperplasia and the restenosis risk. 13, 14 Also, implantation of a DES in ostial lesions appears safe and effective, with no increase in major inhospital complications and a significant improvement in restenosis and late-event rates. 15 Because regression of LMT stenosis withers the ITA graft in IOS, DES implantation would seem to be an effective alternative to CABG. We suggest that in the future, DES be the recommended treatment for IOS, even though late stent thrombosis, which can be a fatal complication, occurs infrequently [16] [17] [18] and should be taken into account when considering DES usage.
Study Limitations
It has previously been shown that intravascular ultrasound (IVUS) imaging can provide valuable qualitative and quantitative information about stenosis of the LMT ostium, 19 and the fractional flow reserve (FFR), calculated from coronary artery pressure measurement, supports decision making in equivocal cases of LMT disease. 20 IVUS is increasingly used as the endpoint in studies aimed at reducing the progression or inducing regression of coronary artery disease. We did not use either IVUS or FFR, which would have enabled us to obtain more qualitative and quantitative information, including intimal formation. We could not exactly evaluate whether the stenosis of the lesion was functionally significant and responsible for reversible ischemia.
Conclusions
IOS is commonly found in middle-aged women with fewer coronary risk factors. CABG has a good prognosis. Angiographic follow-up demonstrates regression of LMT lesions in IOS, compared with other groups with LMT lesions. These findings suggest that IOS has clinical characteristics and a time course that are distinct from those of atherosclerotic LMT disease.
